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for c^uaf Ma'^ni-f-f-tde. : (^ = ^'^%<,.f. 



eawa-) 



fi6-S 



«) 






Pisplacepitrrf current 
Catiduc-Hon c*jfr*nl 
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c) /Af -t •=■ t/4- , ^e. plat i^e^sus z H)^ ■fa/(ov<r'os 



= SC CCS ^(z~o.07S) Cv/m) 



P. 6~f4- Use. ph'^^ors cir\c( aios^e'n^ t-^'^^-re.t^ce-, 

^■'"'^^^ . a' -J 

7 '^X 



£ -^^£, e-^^; a. = ?^ ao3 e "^^^ ; ^.-^^.^.^^e-: 



■SttA 






3? 



p. &~f^ Use. pha^sors cx.ncJ Cosine r«/<r^j^ce-. 



P- ^"^7 5ee Sect /on /o-Z^ pp.4'28~42.<f^ £a%. Cl^~C^ 









a/- 


5f ^Z 


^r 






Oi 



^^ 



y/^.eV--" (A/r.). 



^) I 



/-SO. 



= «^/r: 



y* 



r=a. 



= ^7^--'''^^ r4w. 



^. 



r = A 



—\l^i 



f 






iA/m). 



4-0 






^^0 






-Jin phci^or TOfm : 



~3 






= ^^^'^^ ^ 



-3^«. 



-Z/7 ('r)S+ani(3^ tie^UJ -form .- 



^ ~ OLyOJS in (fO TT?^) €^'^^, 



® 


















® 



t:~a-^ai_4i'n^ ® «\nc/ ®; 






4/ 



f{ = a.y2 cos C/S-7rx> e'^^ 



® 



£=jfe,-'« 



= f 



2 \ajcj^<^oi05nx)z^^- «2 ISirim(fS-rTx)^^ @ 



H" 



* V^E 



Comparing flnc/ ®, W€ re^t-iire. 



4Z 



I 



ChcKptcr 7 
plane. Electromagnetic Wa^/es 
Q 7-/ a.^ Xn ^ source-'-free. concl'-tch'ng nn-e^r'unrt y^i-f-h 






-<rs-f€J§ 






© 



® 



I 



Sf^l^sH-i-uHn_g ® in ® a.h^ naming -fhc^t XT' ^ =<>-> ^^ 
^thnifc-rfy -ror rl . 



^7-2 



-ct 




A = 



or 4.^ Ckfv"). 

i.^ COS / 5. > 



-f5 



Their-,, -trory^ £^^, CC^SOi?)^ 



i>r. 






■^-Z-rr/k^^ eoCry^y 



At ^ = 3 * fo^ fi)j Ut/e rtif-iir*^ Hye-aryurrteM of ces/'ne. in W ; 

/ rte. inshxrr^an^ous efore^sion -for £ '«■ - 
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p. 7- 5 U.:5& pl^^^^ors i/v^/^A cosine r-e-^erence . 



f>= ///J CraJ/m) *• ^=l'rt/^ = ZjiTT Cm), 



-.-(^;-3. 



C) Le-f/ -ha-nd elli'jyHc^liy polartzati. 



-" i-y^f-s 



2.()ff IZOTT 



01). 









-/o 



■i»o 



= Sinci cos !/■ ■* ^^£^<_f^ ^ 



■to 



'10 



(t-t"-^7=['-(tTH^- 



R^^ar^o-nyi^q- 



--X- 



^.c"'-^/ 






wh,-rh ;^ -(-h^ ^Jua./ron of ^^ ^U'p^^e./^ £^~£^f>h 



o.r>e . 
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'i 












(A/'^\ 



<^) f = fCM^) 






>CXL) 



i.iiO-fj^yrS' 



4:fS(l*j)^IO 



^4 



«< Cy^'/'rv^) 






ot CJ^^) 






S"rnn) 



6.^i^h 



-t" 



/2- 6 t« 



rf 



b) j'^iC^H^. 






^^^ 



.:J 






^ C/^f /^) 






otc^B/r*.; 






S(rr.) 



J.Cjcj yiO^ 



3.'J'^yi(p 



46 



\ 



P. 7-/0 (7^.- 1£ TA'/a' /<''' (^/^^^y 

^) l£l-=^:^-2.-75<:v//c^)-27S('l^/'"), 
/>7Wf /tjj-i/^e circuUrfy f^oUri-zj^ ply^w^^^- 
I "^^x,"^ * a.c.onshtn-f /n<J-s/>e.nderri c^ '^^»^<^^ 

/?7-/.S A^AT. Gau«'5 la^: -f-^r 2^^ ' wA^re J" /> ih^ Ifne 
charge, densl-fw on -the. fnne^r con^u^zhir. 

r rCn(b/Q> 



Vo = -/"^^ • <^r - ^ ^ (4)' — ^ ^ -"^rTZi^i 

^ 77 - Z 
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-j'x^ 



7- 



.*Tr 






r 






£_ = tf.. 4^ e "^'"'^^-^ €^ (y.i) -ay f-^in (fo't + x/s) (vH 



y 3 



^r=^^«x?^£r 



3 

= / 



W.. ''f *^=-^-^-^'"C/*>**^^3) C/i/W 



^} 



r = -^ 

i-^ r 



-c- i-t-r^ §■ 



s = 



1 -r 



&J) Skin c/e^^f) <r- j^^yu^o- '0.063 0y,)^4.l Zc^> - ^ 



/S-."S 



-/c.vsx 






^s- 



I 



p. 7- f^ <3.) r 



fc) r 



■« 






-n,H, 



rt 



7, W;, 









H 



lO 



7«-^^, 



h 

a) Assume. ref/ecW ^rz)-C«^£-^^+ a^E^y) e''^' 
&oundAry conci>iion af Z'-O : £J0) + £^(0) = Q. 
*- £^(z)' £t> (-^v ^J-^y) ^^^ « /ef/--/iand cJrcuUriy 



I 

P. 7-/^ 



For nornnaf inc!da.nct. : 

s -i r = ^ , wAere lr| < -1. 

^ 7.-37^ 



n-t 



'-' S' ^^j^'3.^S^,=^Z0U,,z^9.5^(4b\ 



4<f 



— -10 -i*^ 



Z 



-/^ =i-/r 



jTf) fas^y m«-Jf'(jn^ -■ "^'fj— 2..Z5, tan c = -^ = O.^ , 






= o^ 0.03Z ^~^''-.-'<'^-^-^^^^-^'> CAM. 



b) 



<-f|r| 















(t.l=X-^C'^.^^.)=^ 



z ix^s-<^ 



CC5 S.5 



ci^ O.fi-Y e 



-i.70 2 



C l/VAviO. 



-£■0 




7-^0 G,ve„ ^.<..z).5y/ofi-^"''*"^ rv/-;. 






4) i;. Cx, 2; - 5y /o c4,i(i>f;o''t - ^« -fi) ('i/AO ■ 



. W,r.,z)-^5;^xr, 



;-«r..-^ = «;.<'-6-^°x^?-; _ 



-i(ix*M3.'i 



Srj«-(fs /«w of rc^Ma-crfrpo: Sin 9^ = J-^ Sm 8^= ^ • 












5*1 



From BcjAj-f^^'^' 

'/f.us, with eK c-osin-e. r^f^re-nce. 



SZ 



from £<^X7~tl^^ ^'"^t- ^,^'"^1—3^^ ' <^' ^-•^^^ ' ^«*. = ^/^- 

Fr^.n t^A7-f^V- r^^ ^r,^j,{^ col e,-t else.- ^' 

|/'^|=|/i'J= /, ^^f il^e phase. shi'-Pt o-f M«- re^/ec-^**/ M/<^r^/e 
defi'e.nds on fhe poiar/^^'on of fhn /ndJ^i- Wa.ve. . T^ere. 
are %-f-anciin^ \A>e\'^es in fh& cKi'r «rtc/ expone-nh'afly c/ec-P~y- 
ing -^ransmi-ff-e-d Lv«.vef /'n ^^e. ionosphere. 

Conimuity COrxifHont O-f Z-O -f^r off % S"^/ raifu/rt: 

Co/7i6<>>»"/>9 ® , ® anJ ©^ ive can sol^/* for c<ij aoJ ^^ m ferms 
of a),/Up,€2 , «;^ eio</ A^. £ufj S/nca 

fix << "*">-"' ■ 
Wa h<^vz '^i-* ^r*A«= 7--/^^yA^ -0.3974 (m'). 

a) e^ = tan" -^^ = Ufi-' j^^f^ f ^ « */^'* ^"''^ 



J3 



« r, 



I It cos 9; 






aoy« ^/-g J ^ 377 coi n* 



7^- ^0+j-)-O.Oi9^3(i*i.). 
Cos «^- c#« o.aj '* / ■ 






P.7-t^ 







a.) Snell's Jo\*/ : 






^7-^7 






£,(«..)- a, if^e 



-«i2 



vA 



cvz-w 



vi/ktre 






ir4 



I 



p. 7-.2g Grive^n ^j-^c ^ tf^= Va . Cos S^ 



0. 



«) From £"y. (7~!4%): {^tJCi,\ = t . 

b) from £9 CJ-tSI): (£t^/£;„)n =2 7i/n,- 

c) B-(x,z:t)~ o.^EiqCos w[t--5»^xs/r.ff,--*zc<»jfl,)], 

^- ^"^"^ «> e^- ^'^''J^iTn., - S'^-'JUff '6.38'. 

6) 0. = 20' > 0^ sfn 6^ -yir ,/« g. . J. 0? eoj ^ _ -^2. 9/. 

d) Tha irons miff a.d wAva in air Var/ei as e'"** e "*^*«*. 

Aff^nuaHon in Qt'r -fiar Aaefi \A/&.va.ltngfh 
' 2o tog e,' "t^* - /f^ (d&)_ 



R 7-30 lA/hen ■ffye./nc.dtn^fi^hf- -finf sh-iAes W.« ftypo- 
UfvS^ Surface , ^. - ©^ = , T^ = ^^ ' 

Toi-etl rtf/ecf'io/ii occur insitJe Me prism act- 
bofh slani-ln^ Surfac^i 6*caus« 



SS 



On t>)tii ^rom M* prism , T^ 



^?. 



('^^vX _^_' ^?.?. 



(tf*.). 



1^ . f ^%^^ ]'_ [ 4^^ v_^.. 



P.y-31 a) M £,n ff^ ^ 71, slnCijo"- 0^) - ?i,C«J- 0^ 






F!7-$2 



^J ror fterpendf'cu/ar polarization and u j* //, .' 



^./.ff^ 



/7T^ 



Undar condiHan of "o re.-fleciion: 



""i-^?^-77% 



» J/fl ^, 



4i 



^^**^-ff/2. 



i*)For jiarafJtl po/arixa^ion and -Cf^-c^: 



Sin ft 



" /7^(?) 



COi^ 






- sin ft 



^6 



l/ 



P, 7-3 3 for ^{A^o conf-i^uaus media wr-^h e»(^cLi 




•^ '<:> *=,/^, 



-t.Az 


©c 


s»v 


c? 




90" 


<?.5 




54:7' 


/ 


90- 


*5" 


2 


45' 


Jf.3" 


4 


so' 


36.^ 


« 


ZO.f 


i%r 


ro 


fS.Jf-* 


ti.v 



S7 



Transmission Lines 



p_ g~i Subsi,yut{n3 £js. (s-n) cxnc/ (^-^sr) >n £^.r^-*5; 



-2(, - w / -e 






->. w^j^w. 



a) ^^) W if i* w V* 

^^'^ ^f^ ^hz ^ ^^«"'^'^A -for fi'^f a, ■ 

itf«/ <ii*.keinc stab: /U-/",j <,-3, T-'to'<s/m). 

cf 
C=€^ " 0.2/2 (wf/m). 



/fy/ 



»; 



4.«7»/o"*- 






iT 



r 

I 



/? ^"3 a) For /u/0-nV'r« -hB/ntrtt'sti^f h'rtt,: 

JL m 2t.21 * Z>-2$.S » to'' (my 

b) For coaxial -tTAnrmittiM I in*-- 



Or 



A. 






75 



for Copper af / LMf/z)- As'V^^ V T^^lo^ 



l^i^io'^ (SL). 









P. y-5- 



e^^r^-y^)-- Z, 









G-/' 






^^f^-2Z(/^SM, C* -^ - ?0 CfFrm] ■ 



-- _ Ac rf 



5^ 






V 



^i 



Z; 



Vi. . 






"To mAjcimizt CPg^\ , iaf ■ y^ . 



^CP.A _Q^ 



and ~ fx 



/w«x.rO,-^- (P.J^. 



or z.^z;. 



*■ Max. pow«^r-irQnsf*r tfficJancy = 5o% . 






b) V(i) - K- cosh >x - I.Z, J/V,A >z , 



w 



I fz) - I,- coiA >z - "Y- iinhyx. 



P. g-g a3 ^_ 
6i 



kL , 



■31 



GrV. 



d^I -/gfi-l 



z (z) - x; r^ 4 x; z"' 



■/e&. 



v/ 



'Ji- 
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K - 






c^) For on infiniH tin*, 'P.- " ^, - 



--** 






<<) For a FiniH lin* of /en^M t /ermm«/««//i>^- 

L= -^ =0.0/1 (H/rr.-), C'^=4.4Z (^F/m)- 
°<~ -^ - ftO/0 fAZ/A,; . f'Ui/LC'S.SSCrad/frd. 

i,^ ^f z-50fw>; V(';o,i)-^3.20SinCSooOTrt-O.A'%nT) {}/), 

1 (s-o,ty= 0. oi^sin Cg^oooTrt-a4-32.jr'> (A)- 
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i 

P, g~fO a.) For a. sharf-c/rcuifeJ fme ,J€-f Z^~Oln£<j.Cg-?f) 
For 1=^4, /X=n/2, oc^/z^^'f- 

t^ A"or «n op e^n -circuited /ine-^sef Z^^^bo in £tf.Cg'?i) 



to ob-tain: rMk-yp =7 dJ-£l^- 

UnfiJL -t^ 4S0''-f.732, 
•'26.S-J.9.87 (11). 

t^u V ■ /^ " /-^ ^' " ''■^" *'^*'' "^* f-J(*J//) 



I 
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P.8-f2. a. 



) Since if}e line is ^/^ty shori comp^r^ /o « 

Wav^/^nj/A, W^mo.y use. ^sX^'O) ^nd (S'«i\ 



0.6 
LC *- €-- 



LC 



/C/€-LU V- /^,€, 



- 4.05. 






— i).42«(?.6=ai?2 



/4.4* 



C-at/). 



«■) 



s-- ^ 






\AV o^ >i 



■- ^-± 



1^1 s*i |ij-n| /o^yj?^'- 

\/yh^n S=3, ■?C^^ ^J«Or^-^r^'i)A. 

t,) S-3 a.r>J r^' tSohsr =2.. 
^ X-^= ±75/3. 



^3 



p. B-f5 For a lossless h'ne. . 2^ = ^(. 



*;) 



Sf^f Art 






■0. 



^ ^o-J^^^ 



^^/r '^i'^i'^um S Co /-/"«. y3 on c/f /a a, /nr'n /mtjw |r| 



,) M,'n.|r|./^=/ 






MSn. ^ = 



i + 



^^T 



z. 



^' ^ ~ ^^ Lossless lin*- of chcKrac^-hu-is^ rcs-lz-iv^nc^fl^ ^ 



^i 






A/ovv Set Z- =SO<.SQ at^^ 

f fo^^-^^o<?t =5o(^. 

L /o /2^-zooot=-(/i'^ft, 
So{^ 'n^ : R^ = 3S. 7 (SL) , 

anc^f t = fen fi>e^= 0,775. 



2i.-4O^jV6C-0-.>. 
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'^0 '^■o '^It 



9-. ^j^^ 



0. -^ y^ 



p. S-fg a.) ipi X- / , t'l _ _/_ 



.'. r = f e-=^^-^^ =0-^70^^- 



o. /9tf . 



6) z^-a, a±g-)=3^o (' ^'^^^"i^-zyM 



= 466 ^J206 C-Si-). 
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p. g- /? <^,v^/,. v^^oi/oi iv), 2^-z^~socn\ 






^=# 



A) 



'l M^-tflo 



2: 



x = x^^ 



Z- 



Vi 



Z.-2.- 



^vAeC-e -Pro/M ^o.rff'-7jJ' 






T.= 3- ( AjUJ-) = I. os-4 /-/g.^ ° r^'A)' 

•^1 3 1 / +j/^ 

1/ 
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t 



O) 0^*n-CirCu''^^ tint, je mf Cm), /A. -0.^67. 

SnJfh chari; S^aH' frottt ^ On /A« tx'trtmt r/^ht, rofn^t 
olockv^it* on*, con^af* rtivefu^fon (a*'^ -^/i) emti 
Cerrtinu* on -for an ttMMiMPkl o.fiTX io 0.417*. on 

Xm.J,o.T7S Zi'7Sn(.yAS7S')"j4i.f (A). 

£iraw a s^ayh* /'"»# /"i-s/n VA* (0'JO.Sfiifioint -ihr^u^h 
ih*. C€nf^*r ond inHrs4cf- ai Co*jl^4) on 4A*. Objt^tHm. 
Sidt »^4UcU^i. *• >;-^«f^/.r4)-ja«« (S). 

on- compUf* r*v«luHon nrxd Cw.//««« on -hr an rtAZ/VAn*/ 

tf.«3A io rtad x«^a.zi—^z^'7s*jiizt~Jfs.t (^). 

Straw a S-fraijkf /in*. ■FrSm-th* C»*^0-iiy point- 4krau^h 
M« Cfcfl^r and M«.rS€C* a^ Cd- i ^rs^ On Hn. Offt^i^ 
Sidt. a rtft Lharh — ); - ~MC-ia:Tt>-Jo.oil (sy. 

*) i- locait x^-o.^*jf'o.i on 
Smith cA«r/ (Pg/„ffi,X 
i. Wf'-fh ean^ar oi O draw a /rh 
C/>c/« -fhrmuji, P,,Snhmrs»eHn» 
OP^^f. 77.^^ S'f.Jr. 

S.%ad 0.04^ on 'wavUnfihs ■fow«-fd gtn*nafor"sea.U. 
Z. Mov clot.U-^{t%. hy O.foiX /tt 0.*«7 (Pot'fd P'l'i. 
i. Join O <ind P^'. MmrsteHn^iha M-drcJ* «iAjJ, 

2. - so*i - So *j29.s f jy . 
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P.S'2.Z 3^. X f JO v'/o) - *■« V'>-2 

a) Locatt *t_'9.f»-jO.Z on Smf*fi 

chart- (PomfPi). ^'^^ 
C9n4tr a4 drAW a /rhci'rcf* 

OP^^ a/ /.77. 'J -/.77. 

/La-ad 0.4S't On '' W^vahnff-hs "^wwd fn«ra:f9t 

SCoJ€. 
Z.Mova. Olockwitt by O.tOlK fo O.Off (Peif^tP^), 
3. Join And ^' , t'rt^rs9.^i:n^ M« /rAcfre/t. ft^ ^ . 
4.k.%Ad Zi'9.if*J.0.23 A^fit. 

d)£%i€nd Jin* KfiiO *o Pi - ^"'^ >i ^fAl-^e.S^. 

X'jzy,- 0.02S4 '^9.0/09 CS). 
4) Thtrm IS A voA«5» tnlnimum a^ x^-fto^<X. 

/v"r*f Vot'ha^A mt'nfmum occurs O^ »^- jy - 0. / A. . 

<9 ^- 5/a/-# from ^t^and rofaH 
C^uni€rcfoc4*iMfs* 0. /O A. 
i'OWArd tft€ foAd f-0 Pf . 

i.I>rAv/ M» lr\-ctrcl«^in^rs»tf- 
inq (ln€ Op^ «/ Z (SmZ). 

K^'rci* «f /J . 
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*) If Z " 0^ ^A* ///.»/ voha^€ n/'nimum MowU &0 at 



^ 



A - /. ff r"^;. — *■ i= J-- o. ■i75(<r^ 

for ^ (osslexs air fine^-Prann £<^!s Cg'J.-i ) aj-,'^ (^-H) j 

= 0324-^. 




6? 



tlz^ For Z:-75(SL)^f.5Z,, j ^,^^_,^ ^ 

The. /oc£A.fioor o^ p°fni:s f^'^ &.n^ (^''ar^now di^^^^^^r^nh 
We. have : //^ 0.4-04> ^ no</ £.'^'0-0 f4 ^. j 



ci/~cf,= o^c/ <^/= J^ = 0.324 K. 



I 



iO.O^P^, 



\j^.^«f 0.33S' (>*>) ^nd f.2i9{n^)fronn /o^J, 
*- J\~Z •* O- 2 i ^ -a. 3 3 5-} = /. FD (m-) 

L^'& a. Sfyt!+h chcwf. 

f Draw a. cenierr.^ Z-ircfc (eja.xheci} 

-f^r^uqiy S =2,-^ poirrh. 

2. Lo c<a^« pe:>inf P, -for 2^ /rom >>»,rn (poirrt 
Oh CyL-frem^ le{r) <>■ f8^>^ (c/ock^'sit) 

^) 2^= 75 Z^ - /O^. 5 -J?3,S (SI,) . i 

'- i-OCa^A me afccrm^rica/ly OJ>f>^Si-f^. I 
poinf P^ 4o -ftn^ y^^= 0. 4S*^0-^4. 

Jltaci O.O^^X- cd painf- P^ . 

4- Lisa -f-ha Sm/'fh c^ta.r-h «-3 an cit/rn(-hf^n(j& cfuxr* an'^ -ftneJ 




b) 
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P_ y-2g Use. Smi'th chaH cw an imp^^ia^t^^ ch^r-t. 

,5a.me Con_?-hruciion a.s ■i-ha.i in pi-obie^ P.S~Z9 , exc&pi point 

P^f would h^a^ +he. ftx//-e/«e, Ufi ( nn<^keJ by a. m) ^r^J 

Af Pj ■■ 2..- f-'j'- 

fo cKclnie-^e ex nic^^f^^ w'-f^ <^ se.rUs sfub A?«=i.v'"n5 

'S) SO ^o ' 

-^ -|°- =. -j'/. <?j ^r sa(u'f-^ carre.sp<^i'->s Ao '^ . /tx^ 

^f'fn^fo-r iy -for scUi-f-'on Corr^spon^-'r^^ io P^^ ck sh^ ('^s^ 
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li 



t 



\/Va\^e^ui'des ^nci Kescnafors 

/?'?-/ We. us^ Ejs. ('f-J^J c<n<J (9-^9^ -(^^r Zrr^ £inJ Zre 
^e5/0ec//V«/y. For «'>, ^^ - ^^= f^OTT (Si^ - 37 7 iA)- 

as -cAou/rr. 
Z = ^' 




'^7£~ 



o.*/? 



- 904 (SX). 



At f=2.^f, , ^i^(fy=J^T=o.^ji. 



Z,^-0.S9!v-SH(Sl).. Z^=-^-4'Zi(Sl). 



-Jh 



B<ii 







"f- 



CJ 



a.) ■u.„^—L — = u { i~(M. 

i^raph o-f (Ug/^M.) pldfed vt-r-sus 



7Z 



'^ 




Z'nu 




A, 



^ sli-iKffy- V / - (K/j-r 









t;f//c> 



Uy/i^ = 0.6o, A^A, =f.67^ 






'X 



= O rt-A ■y^Oau-,c^y=h>. 






73 



/? 9-4 Peris Co.) a.nc( C^)^;^''(o.r -io ?rabUn^P. 9'S 

h) From £cj. C^-^O- ^cn^ 2k/pT 

c) S^ff^ace- currKffi- eiens'^-i^s .■ 7^ - <^r, * ^x ■ 

On h\^er plaf^e.: J^i " a^x H(0) = o.^ &^ e'^A^. 
On upp^r plate: 7^^^ -o^x HOd = a^ f-//'''jg„e 'A* 

^} ^sf. -for n oddt 

P,9-S a.) J<g~ZK2.<>S ~S.30Ccm). j 

X^= £ ck - 2 >: O. 02 5" =- c 05" fm^ . ] 
from e^s-C9-io)Qnc^ (9-^0- (^J^^'^f^ 

i^ C/ye 5Mt>A chari.J>t»w \V\' -^—--^ Qir^kihrou^h ^-Z point . 




O 3*¥A, 



'^^ ^«^" ^^ (*" fO ' ^- *? ^ ^^■ 



74 



Seating ^^'^ '" ^9-^^f~"^'^^'''^'-t'3^ (^-/4-)' 



,0. 






O/^J? 



vA< = 



2a.A 



A„ = 



2-J7 



^" ^/^ '-^^ /^T^ V^^^ 



A. 



P.9-7 



■9" A ^i-(fc/fy ^7^' 

R.€ciansular i^av^s^^ide: a ^y.lf (cm), b "3.40 (cm). 
MoJes ^A/t-f-h-fke.shoi-4'esf X^< S Ccm) are: 



Mode 


rB,o 


7-£« 


TE,, 


teJtm,, 


A (CtrO 


f4.4 


7.Z0 


6. SO 


6.f5 



(X) for A — /O C<^"^)) ^Atf on/y profiagah'ng fntptje it TE^^, 
by for A = S" (Cm)} j-ke. propa^ctf^ing mod*^ aj-e,-. 
T£-,o. ^^2^, TEoi, T£,^. ^''^ 'Tf^ti- 



75 



^^^ ^' L - ^iwm - 1^ f f ".-). 



0-) A^ab. f(m.n)-^m***n* 



Metl*t 



re.. 



TMrt 



ffm,n> 



7M. 



•it 



I 

2 

V2o 






Mo«Jw 






f(n*,n) 



t 

•n 

2 

2/J 



^*^ *^-*^*^^; '<'t<^ ^/ci«- -^/i^Ii^. 
^^ ^'*-Vb ■ ~'^~ ^r ^« dominant T£^ mo^M . 
Aor / > /. 2 f/^ )^ ; a > a o6 f«.). 

for / < 0. S C/,)„ ■■ h<O.04- On"). 
IV« cAeoje a.-«.frcm} «n</ A»5.yfcm). 

^) u»- , '^ ' 4.7C » to' Ci^M , 




^- -^ - 40J Crad/m), 



76 



f^ ' J I -(X/iAf -0.60, 
«.» c/fr mS'lo* Crt./,) , 

i; X' - -^ - ^ - A 0J« Cm), 

^' = 2rr/>^ « /*1.2 (rA<irm->, 

fi 9-/2, a.) £g_(x., y,z;f) 'E^^'" Osi^nx)shi (/oc ny) Cos (2 ttjo'^i- -Bz) 

-£^s.r,(-^x),;n(fy) cos (2-n ,0'% - fi.z) , 



77 



- 377 >i 0.51 -200 LSI). 
^ 3 x/0* 



A 



'3 •//-(/,/}■)' 



fo'" * 0. n 



0. 0S&& rfn)»J.66(^Cfn) 



= 0.3 cos (sOtt^') K^s (cdt -2^ox>. 



Ztl 






T£gj^ ft-ioVe . 









7^ 









b; 






/!/■ f~4,}>io'^C\(-a.), TE-f^'^ -^he^ only iPr^p-^s-^hs 



avH = 






3 T ta'^f^?? 



ex] 









\i^n*r rrtaJt ; 


6-O.lCa. 


b ~aSOa 


h^ 0.7 Six 


^K\rTE 


24 

@ 


@ 

(3,4 

@ 







i(r<»«,/,/r»£ = €.9 «kH^)*>-- fO.X 10.x. <.8 C<5-MjC> 



7f 






Modes 


F(mj-n,f) 


/„np'-(^»^ 


7-M,,, 


30.g3 


3./29 


T£,o( 


2?.S^ 


3:B-?S 


T£o^i 


X6.03 


3.7^5- 


T£,„,TM^„ 


2S.g-ff 


4.5?:^ 


rMz.o 


30.0^ 


4.5-07 


T£.., 


J? 2, 02 


■^ Soi 


TM,«, 


35-. 60 


5^.J40 



/^. 9" ^7 op Si' nee- d>o^>h, ■f~he fow^s'f-~or<:^€.r resc./^c^.rt/ 



/yioc/t 



''^ "^^fot ^<'='«- 






A) From £<f- (9'f20:>: 






{ ^ hfi.iA> \ 

V^ ■* -J (J- / 



Ftom Ejs. C9~ i'"'*^ cm*/ C<^-iiS>- 

W« - ir%H^"^'b ^fw ^/ =0.0773^ ^0-'*Cj5-ao773(>T:>, 



^0 









r^ir copper, <r~ s.tox.io' is./m). 



a 



101 



0( 



yF 



>/<r ^ 






^) For cx-d - f.Sb ' 0.O3i fiyy) ^ h ^O.OZ (rn). 



<2.,p,- ^o.z3/?fr - n,o(?. 



b) for q;^-'-^oq«, 






^/ 



Aniennas and Ant &nna Arrays 
p_ jQ - J from Ejs. CfO- fZ) aj^d 00'/4) ■ 



■ z Vo OPt 



p~ /.S^ p^- o. 7 ox iS " 10^ C w>. 






P /0~£ a) I> = 



u 



max 



a. 



av 






= 2.&S (w/s^). 
*- ^-f^=/^.^^. or f2.7f(^&). 







^Pr _ 7X33.? 



^I 



■■/6.7(£l)_ 



-^ -t l+j^ -^^r Z<0. 



/? w-s 






■*>?.= 73. '(Til). 






'^jmJl^^'-'^">-'^'(^)- 



?.- -^ - 7/4i.^?r -°-y9^. "'- 99.^%. 



gi 




fCe}= J'" •/^ 'C^dth cos »)] 

cos* 

In cast Jih«i. cos(^hcos$)» f-^,(^heos0)', and 



/ fSOXfO 



^-fcf^rc^). 






H 



*lft1«-y 5^ 



^l^*L-- "^'Vf ' rSfyio~'CA/^) = 7.sl(f^„). 



^> Pr= jj^^'^ ^^rfft^'-nfi-^^' ^(f{^:io^"jJ%n^9de 






^4 



p. iO~ <y <x) ^-' plane pati-f-e-rn -funcf-ion -for //e/-/z/a.rt 
df'pol^ /'s , /roty^ ^f. (fO-IO>, 

^af-f- por/*-r points a/ F^ W-F^(9,) ^Jx * 
^ ^, •= 45', tf, = fJS' 

h) £ ~p /a/ye aaH-arn F'-^n'^^'on -For ^«./7^-^vc^ve £:^f'/>o/e- 
fs^ Frojv> £^, C«>'-3T>^ 

r ,^) cosf('*j/z)cose} 

/W<=^x. FC&)= / ccf So = '^0''. 

f 

j4a.(F~po\Mer points <x.-f rb^^'t^~fb(K)=j%- 

P. 10- fO Use- E^.(<o-Z7)'. 

pre') = ^ ^^ Cf'^ ^0^ 6)' cosfify 
sin 




For 2h'=f.2S>., 

C0i((.2S7TC6S$}-COsfUSV) 



\rm=\ 



Sin& 



4h€. -Firsf nulls 



^5- 



F. fO-ii Use £j. (iO- foy for M^r^zfcin dipoUs. 



(Adhere f(9} = s/n9cos(4^cosff). 




\f(6-)\- \sint ccs(^cose)\. 








S6 



pjO-il, pot an array of (Je-n-f/ccil el^mtnis sf^c^d a 
distance, d cip^xrf- , tve ha.^e.,-from £(^. (fO-S^h 






|^Ctf^^)|U=5 a ' 



In the. M'pfan^ oP « df-po/e. .■ 9'ir/z , F(f, 4) = ^ 





b) Array ^acf-M-: /A(^)/ ^lcos(fc<»^)j* 

c) Cos(fccs^) = (^):*^^ 

-^-7*.*6* 

HaU-powr b€atnwid-t^ 
-Z (90'- 74:96*) 
= 30,18* 




For uniform array, rrom f^.(ff-89) '• 



Haff'-po\f</€rbeemi^idH> -for 5-</tf/»«A/ un!^«nnan^y 



^7 



p. fO- f4- The, norf^a.fiza^ arfa.y -fcLc-hr of -/A^^C've-- 
^Ivnoe-frf -fape^e-c/ array /'s 

- ■^ I 3 •*■ 4 coi -^ ■+ Z CCS z^ ■ 

/^ yrpiph of |y4<ry;)j vs.i^ /s shown he.hw oni^e.U^t 
\AN>>\ ^„ 

J 




X- 



^0 



UlJ/z 



for h focLc^jsi'd^ ope./-afron : ^=Q ^ l/^ = yge/cay^-'7rc<?iqt, 

is O.H^ or 2o(t>3^Jj/o. if) = ff'2 C^&y t^awn -ft-onn /Ae ma/n-b-eAm 
rae^fCL-fidn- This Qarn/>Ares -^ith C7.Z-5; or /zeds') <^OWn -fky i~h& 
iC/Ve-- e'«''*^e>T^ i-int'-forrn hroa,dts.i'cJe-^x.rfeL.y shown 'hf^laJO-ll . 
P. iO'iS From £ifs. (fO-39) a«c/ (tO-6o): 



^r 



"ft 
a) Uerj-zi'cin cfipolc o-P length dA. 

lCX.)= 1(0) , h'±dJL, ^<"fi:>'F^ 

' = / Cos kz. Jz, = oCL . 



= X(o)cos^z. 

From Ec^. dO'S's) ar^d probl&m P. ^0-16 a), Z_^= ^• 
Froi-^ £a C'/O-^'i), we. ^ay/-e^ -far $= '>r/z, 

i>) For /Y>ci.fche.J loaJ, 



S'f 



= f.Br/4 (r^W). 
p. fO'i9 From £c,s. (fO'n:ianci (/0-/4)- 



3 wo' _.. - 



Pr 



Pr 



Us /n^ jfos. (fO - 40) an d (fO- 4-X) ,h © .* 



<^J»)- A 6 4 



|_ sin e J 



© 



® 






AeC&>= ■^<k(&)-o.fs>^'- 



Sine 






90 



p. fO-ZO /.n-^tnno. gain 



— ^ &p = fOO. 



c 



iffS^-^'^-^. 



Pt 



a.) Power Je,nsH-y ai 7^a.ry«/,^ - 4^^ '^j 



s;. 



^7. 



'"^'"''^-0,^.4, (wAO 



^7r(e>^/o''y 



-*- Ej-Jo^oTJ^^zTJy? = 3.iS {v/m'). 



b) Pow^r init,rcepitd hy ^ar^ei = <r^y_ = fSMO.0t49 =0.224 (\m). 



0'2^4 



_ n^f. 

•5 ^-yrr^ 'i-^C^'io^)^ 



2.7t^1o'° l\^) 



R^zffz-cfe.d pofA/€.r cthsorhecf by an-t-enrta = S^^A^ 

=iz.i (f\A/y 

P.iO-^1 £eKvth rcic//c/s =6,38-0 rkhr*). 

Q-e-OSynchraui orh<f raJ/'us = 6,3S0-'-36^fOC 

<l) Two Jcxie-lfifes Cova.r anfy 2!*0,-^)''3%C 

Po/ar regions «/"e /7o^ coverat/ iecntue 
/irffa o/" c-on^ cap On eonh ■ / / f ''S'nd de c/qS 




^f 



Belief (He. resaec-f-r'v^ely. 









2^.f^ X fo"'Zry\), 



^0^^^'^'<'^=5./^x/of 



A;,- ,\\%, - 2.SO K fd'- Crv,;, 
%^ /CjCs?/,^^ 5. /fix Jo^ 






^--^^^' ^^■'-';«-''' .3.,t.M' 



'i 25- 






9 X iO^^ 



92. 



